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$LOTOS/T$ , ( ) ,
( ) 2 .
( ) , tic ,


























$B=a[2\leq t\leq 3\wedge x_{0}=t];b[t=x_{0}+3])c[t=x_{0}+$
$4]$ ; stop
$B$ $a$ 2 3
, $b$ $a$ 3 ,
$c$ $a$ 4 $o$
$t$
. $x_{0}=t$ , $a$ $x_{0}$
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. $B$ LTS 1
. LTS .
1 LTS , $B$ .
B tic .
, $B$ $a$ $2\leq t\leq 3\wedge x_{0}=t$ ($a$
) $0$ , $t=0$ . ,
. tic 1 .
. tic [$t+1/t|B$ .
$a[2\leq t+1\leq 3\wedge x_{0}=t+1];b[t+1=x_{0}+3];c[t+1=x_{0}+4]$; stop
. . $[e/x]B$ $B$ $x$
e . .
$a$ $B$ 2\sim 3
, $B$ 1 1\sim 2
. $t$ $t+1$






[$t+1/t|B$ tic . .
[$t+1/t|Barrow tic[t+2/t|B$ $Ie$ . [$t+2/t|B$ .
tic $a$ . tic , $[t+3/t|B$ .
. $a[2\leq t+3\leq 3\wedge x_{0}=t+3|;b[t+3=x_{0}+3|;c[t+3=$
$x0+4]$ ;stop . , $a$ $B$ 3
. tic $[t+3/t]B$ . . $a$
$(urgency^{[3,6]})$ . , $a$
$2\leq t+3\leq 3\wedge x_{0}$ =t+3 1 $t$
. , $[t+3/t]B$ $a$
. $a$ , $x_{0}$ $t=0$
$x_{0}$ . $x_{0}=t+3$
, . x0 3 . ,
$b[t+3=3+3|;c[t+3=3+4|$ ;stop .
, $b$ 3 , $c$
4 . . $a$
$r_{2}\leq t\leq 3\wedge x_{0}=t$ $t=3$
. . l $=3$
. $t$ $t+3$ $t=0$










. , $(t\geq x+2)$
. 2 . .
$P$ $0$ .
(





$E$ $::=$ stop ( )
$|$ exit ( )
$|$ $a;E$ ( )
$|$ $a[P(t,\overline{x})];E$ ( )
$|$ $E[]E$ ( )
$|$ $E|||E$ ( )
$|$ $E||E$ ( )
$|$ $E|[A]|E$ ( )
$|$ $E[>E$ ( )
$|$ $E>>E$ ( )
$|$ hide $A$ in $E$ ( )
$|$ $P[g_{1}, \ldots,g_{k}](\overline{e})$ ( )
, $a\in Act\cup\{i\}$ (Act
, $i$ ), $A\subset Art,$ $k\in N$ , , $P(t,\overline{x})$ ,
t( ) $\overline{x}(\overline{x}$





Basic LOTOS . tic
.
3.1
$LOTOS/T$ , stop (non-
temporal deadlock ) [ 1
(1)]. .
( , tic )
. exit , \delta 2
tic [ (3)].
32
$a[P(t,\overline{x})];B$ , x- c- , $P(0,\overline{c})$
, $a$ , $[\overline{c}/=]B$
[ (4)].
, 1 $t$ $P(t,\overline{x})$ ,
tic , $t$ $t+1$
[ (5)].
$a;B$ , $a[true];B$ [
(6),(7)]
1 . 1 .







$stoparrow stop$ (1) exit $arrow^{\delta}$ stop (2)
tic$exitarrow exit$ (3)
Action Prefix
$\frac{P(0,\overline{c})}{a[P(t,\overline{x})];Barrow^{\circ}[\overline{c}/\overline{x}]B}\frac{\ovalbox{\tt\small REJECT}_{\exists t’\exists\overline{x}[t’>0\wedge P(t’,\overline{x})|}}{a[P(t,\overline{x})|;Barrow a[P(t+1,\overline{x})]_{j}[t+1/t]Btic,-}\langle 4)(5)$
$a,\cdot Barrow B-\overline{a}$





(8) $i[P\langle t, ae-)];Barrow:[P(t+1,\overline{x})];[t+1/t$} $B$ (9)
$i;Barrow B$ (10)
Choice
$\frac{B_{1}arrow B_{1}’\beta}{B_{1}[]B_{2}arrow B_{1}’\beta}$ iff $\theta\in Act\cup\{\delta, i\}$
(11)










(maximal progress $assumption^{[17]}$ ). .
. tic [
(9),(10) $|$ . .
34
$(weak- choice^{[8]})$ .
, $a[t = 1]$ ; stop $b[t = 2]$ ; stop” .
LOTOS ,
$\iota tic;a;$ stop’ “tic; tic; $b$;stop” . .
$a[t=1];stop[|b[t=2]$ ; stop“ $tic;a;stop[]tic$ ;tic; $b;$ stop’
. , O
. , “ tic; ( $a$ ,stop [] tic; $b$ ;stop)
“ . (11) $\sim(15)$
.
35
$LOTOS/T$ , $(|||, ||, |[A]|)$ tic
[ 2 (17)]. .
.
.
3 $a;b[2\leq t\leq 4],$ $stop|[b||c,\cdot b[3\leq t\leq 5|\cdot$, stop















$\frac{B_{1}arrow B_{1}’\iota}{B_{1}|[A]|B_{2}rarrow B_{1}’|[A]|B_{2}}$ iff $a\not\in A\vee a=i$
(18)
$\frac{B_{2}arrow B_{2}^{l}l}{B_{1}|[A]|B_{2}arrow aB_{1}|[A]|B_{2}’}$ iff $a\not\in A\vee a=i$
(19)
$\frac{B_{1}|[\emptyset]|B_{2}arrow-B’}{B_{1}|||Baarrow B\alpha}$ iff $\alpha\in Act\cup$ { $\delta$, tic, $i$}
(20)















$B_{1}ticarrow B_{1}’$ $B_{2}ticarrow B_{2}’$ $B_{1}$ A
$B_{1}>>B_{2}^{\underline{\overline{t}ic}}B_{1}’>>B_{2}’$ (28)
$\ovalbox{\tt\small REJECT} Hide$
$\frac{Barrow B’\rho}{hideAinBarrow hideAinB’\rho}$ iff $\beta\in(Act-A)\cup\{\delta, i\}$
(29)
$\frac{Barrow B’\sim}{hideAinBarrow hideAinB’:}$ iff $a\in A$
(30)
$B_{hideA}^{tic} arrow B_{i’n}BBarrow hideAinB’\bigwedge_{tic}fora11a\in A$
(31)
$\underline{ProcessInvocation}-$
$\frac{[\overline{e}/\overline{x}]B\{g_{1}^{l}/g_{1}.’\ldots,g_{k}^{\ell}/g_{k}\}\underline{a}B’}{P[9,1’\cdot\cdot,9_{k}](\overline{e})arrow^{\circ}B}$iff $\alpha\in Act$ $\cup$ {tic, $\delta,i$} A $P[g_{1}, \ldots,g_{k}]\langle\overline{x}$ ) $:=B$ is a definition
(32)




[ (28)]. . .




[ (31)]. . (minimal
$delay^{[0]})$ .
5 $a[t\geq 5];\epsilon top|[a]|a[t\geq 10]$ ;stop , $a$
10 . , hide $a$ in $(a[t\geq$
$5];stop|[a]|a[t\geq 10]$ ;stop) , $a$











2 $\mathcal{R}$ . $\mathcal{R}$
.. $B_{1}\mathcal{R}B_{2}$ , $a\in Act\cup$ { $\delta$, tic}
2 :
1. $B_{1}arrow^{a}B_{1}’$ , $\exists B_{2}’$ [ $B_{2}arrow^{a}B_{2}’$ $B_{1}’\mathcal{R}B_{2}’$ ]
2. $B_{2}arrow^{a}B_{2}’$ , $\exists B_{1}’$ [$B_{1}arrow^{a}B_{1}’$ $B_{1}’RB_{2}’$ ] $\square$
3 $B$ , B’ , . $B\mathcal{R}B’$
$\mathcal{R}$ , $B$ B’









4 $a\in(Act U\{\delta\}-\{tic\})$ $U\{\epsilon\}$ ,
$\Rightarrow^{a}$ .
$B\Rightarrow^{a}B^{\prime d}=^{ef}\{\begin{array}{l}B(arrow)tic.arrow^{a}(arrow)B’tica\in Act\cup\{\delta\}-\{tic\}B(arrow)^{*}Btic,a=\epsilon\end{array}$
$S$ $\mathcal{R}$ . $\prime R$
:. $B_{1}\mathcal{R}B_{2}$ . $a\in(Act\cup\{\delta\}-\{tic\})U\{\epsilon\}$
, :
1. $B_{1}\Rightarrow^{a}B_{1}’$ , $\exists B_{2}’$ [$B_{2}\Rightarrow^{a}B_{2}’$ $B_{1}’\mathcal{R}B_{2}’$ ]
2. $B_{2}\Rightarrow^{a}B_{I}^{t}$ , $\exists B_{1}’$ [ $B_{1}\Rightarrow^{a}B_{1}’$ $B_{1}’RB_{2}’$ ]
6 $B,$ $B$ . , $B\mathcal{R}B’$
$R$ , $B$ B’
, $B\sim_{u}B’$ . $O$
(\approx u
) .
1 ( ) ( )
. .
$B\sim cB’$ $\Rightarrow B\sim_{u}B’$
$B\approx\ell B’$ $\Rightarrow B\approx B’u$ $O$
2 $\sim_{u}$ . :
$\exists B,$ $B_{1},B_{2}[(B_{1} \sim_{u}B_{2})\wedge(B[]B_{1}\oint_{u}B[]B_{2})]$
( ) $B_{1}=a[t=0]$ ; stop, $B_{2}=a[t=2]$ ; stop, $B=b[t=$




$P(t,\overline{x})$ $\exists t’\exists\overline{x}[t’>0\wedge P(t’,\overline{x})]$
, . ,
1,2 . $P(t,\overline{x})$ $\exists t’\exists\overline{x}[t’>$
$0\wedge P(t’,\overline{x})]$ ,
LTS ( )
. , 2 $E$ .. $E=$. $a[t=x];b;c[t\geq X+2];stoparrow^{a}b;c[t\geq 2]$ ; stop [
(4) ],. $b;c[t\geq 2]$ ; stop $ticarrow b;c[t+1\geq 2],\cdot$ stop [ (5) ],
2 $P$ .. $Parrow a[ttic=4];stop[]b[t=0];P$ [ (32), (13), (5) ],
. $a[t=4];stop[]b[t=0];Parrow tica[t=3]$; stop [ (14), (5)
],
, $E$
, (5) . $[t+1/t]Earrow tic[t+2/t]Earrow tic\ldots$








. $E$ $[t+1/t]E$ $0\leq t<\infty$
$t$ ,
. , 2 $E$
. $a[t=x$} $;b,\cdot c[t\geq x+2]$ ; stop $ticarrow a[t+1=$
$x];b;c[t+1\geq x+2]$;stop . , $a$
$t=x,$ $t+1=x$ .
$\forall t[0\leq t\Rightarrow\exists x[t=x]\equiv\exists x’[t+1=x’]]$
( $t=x$’ $x$ $t+1=x’$’ $x$ .
. $t+1=x’$’ ).
, , $x$ x’
$v,v$’ . .
$\forall t’[0\leq t’\Rightarrow[t’\geq v+2]\equiv[t’+1\geq v’+2]]$
,
$\forall t_{1}[0\leq t_{1}\Rightarrow[\exists x(t_{1}=x)\equiv\exists x’(t_{1}+1=x’)]\wedge$
$\forall x\forall x’[(t_{1}=x)\wedge(t_{1}+1=x’)\Rightarrow$
$\forall t_{2}[0\leq t_{2}\Rightarrow$ ’
$[(t_{2}\geq x+2)\equiv(t_{2}+1\geq x’+2)]]]]$
$E$ $[t+1/t]E$ $0\leq t\leq\infty$
$t$ .
$\Phi(E, [t+1/t]E)$ . ,
$E=a[t=x];b;c[t\geq x+2]$ ; stop $[t+1/t|E=a[t+1=$
$x];b;c[t+1\geq x+2|\cdot$, stop .
,













6 3 . $b[t=1]$ ;stop $b[t=$
$2]$ ;stop $b[t=3]$ ;stop ,
. $O$
224
$a[x=t]_{j}b[t-2x=1]$ ; stop $arrow^{.}$ $b[t=1]$ ; stop
$\downarrow tic$
$a[x=\ell+1]_{j}b[t+1-2x=1]$ ; stop $arrow^{\epsilon}$ $b[t=2]_{j}$ stop
$\downarrow tic$
$a[x=t+2];b[t+2-2x=1]$ ; stop $arrow^{\iota}$ $b[t=3]$ ; stop
.
3:
$0NE_{-}KEY_{-}C0NTR0LLER$ [$p.r$ . lc, sc. dc]
$;=P^{[tlp\approx t1;}$
(lc $[tlp\star dl<\approx t<\Rightarrow tlp\star d4];r;ONE_{-}KEY_{-}CONTR0LLER$
$[]r[t<tlp*dl]_{i}$
($p^{[}t<tlp+d2$ and $t2p\not\in t$] :
($r[t<t2p\d3]$ ; dc $[t2p*d3<\Rightarrow t<\sim tlp\star d4]$ :
ONE.KEY-CONTROLLER
$[]$ slc $[t2p*d3C=tC\approx t1_{P^{*d4]}:}$
$rj0NE_{-}KEY_{-}C0NTRClLLER)$
$[]$ $c[tlp\star d2C^{p}t<=tlp\star d4]$ ; exit)
$)$
$*vmiabl*s$
$tlp$ : time when the first press ccurred.
$t2p:t$ ime when the second press occurred.
$+$ constants
$d1;$ thresh $1d2or$ th$\cdot$ first short or $1on_{8}$ click
$d2:time$ $ut$ tor the $\sec$ $nd$ click
$d3$ : tlrreshold for th$\cdot$ $s\cdot\epsilon ond$ short or long click







4 :. 1. 1. 2. 1 . 1
, 1
. .
$p$ (press’ ) $r$ (release’ )
. 4 lc (long click’
), sc (short click’ ), dc (double click’ ) slc (short
and long click’ ) .
4 dl 1
, $d2$ 2 , $d3$ 2
, d4 1
.
$UN^{\cdot}rIHED_{-}0NE_{-}KEY_{-}C0N^{\cdot}rR0LLER$ [$p.r$ . lc, sc. $dc$]
$.=p:(i$ : lc; $r;1tNTI\aleph ED_{-}0NE_{-}KEY_{-}C0NTR0LLER$
$[]$ $r;(p:(r$ : dc ; $lINTIHED_{-}ONE_{-}KEY_{-}C0NTR0LLER$




. . p( 4: 2
) dl $d4$ , lc .
$r$ (3 ). , $p$
dl $r$ (4 ). $p$
$d2$ $d4$ . sc
(8 ). , 2 $p$ $p$
$d2$ (5 ). 2 $p$
$d3$ $d4$ slc , $r$
(7 ). 2 $r$ 2 $p$ $d3$
. dc (6 ).
lc,sc,slc,dc $p$ $d4$
., .
4 . $d2+d3>d4$ ,
( (temporal
$deadlock)^{[8]}$ ) . . $dl>=d2$ . 2
.
, dl,$d2,d3,$ $d4$ .






. 6. 3 . 4 4
.
.
, (Sony NEWS-5000 1

















2. , ( ,
(watchdog) ) . .




$A;=a$ [$2<=t$ and $t<=3$] ; stop
$B:=a[t=2]$ ; stop $[]$ a $[t=3]$ ; stop
2)
$B:=a$ [$2<=t$ and $t<=3$ and $x0=t$ ] $;b[t=x0+3];B$
$C;=a[t=2];b[t=51:C$ $[]$ a $[t=3];b[t=6];C$
3)
$C:=a[t=2]$ ; $b[t=5]jC$ $[]$ a $[t=3]$ : $b[t=6]$ : $C$
$D:=a[t=2]$ : stop $|||b$ [$3<=t$ and $t<=5$]; stop
4)
$P:=p$ [tlp$=t$ and $t<2$] ;
(lc [$tlp+dl<=t$ and $t<=tlp+d4$] $|r[t<=tlP\star d4]$ ; $P$
$[]$ $r[t<t1_{P^{+d1]}:}$
( $p$ [$t<tlp+d2$ and $t2p=t$];
( $r[t<t2p+d3]$ ; dc [$t2p+d3<=t$ and $t<=t1_{P^{+d4]}:^{p}}$
$[]$ slc [$t2p+d3<=t$ and $t<=tlp+d4$];
$r[t<=tlp+d4],\cdot p)$
$[]$ sc [$tlP\star d2<=t$ and $t<=tlP+d4$]: exit)
dl. $d2.d3$ .d4
(Pi) $d1=4$ . $d2=5$ . $d3=4$ . $d4=12$
(P2) $d1=4_{*}d2=5$ . $d3=4$ . $d4=10$
(P3) $d1=4$ . $d2=5_{*}d3=4$ . $d4=7$





Pl P2 no yes
Pl $P3$ no no
Pl $P4$ no no
$P3$ $P4$ no no
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